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An experimental
	 investigation was conducted	 in the Ames 12-Foot Pressure
Wind Tunnel
	
to determine the subsonic aerodynamic characteristics, at high
angles of attack,	 of a	 tangent ogive forebody with a fineness ratio of 2.5.
Static	 longitudinal	 and	 lateral-directional 	 stability data were obtained at
Reynolds numbers ranging from 0.4x106 to 3.7x106	(based on base diameter) at a
Mach number of 0.25.
	 Angle of attack was varied from 36° to 88° at zero side-
slip.
The investigation was particularly concerned with the possibility of large
side forces and yawing moments at high angles of attack at zero sideslip. 	 It
was found that at low Reynolds numbers the forebody does not have a sidg force
at high angles of attack; 	 however, at -Reynolds numbers above about 2x10 	 , a
side force occurs
	 in the angle-of-attack range from 45°	 to 80°.	 The angle of
onset of side force of 45°, or higher, agrees with the angle predicted from
previous results.
	
The maximum side force is as large as the maximum normal
force.	 The maximum normal	 force coefficient varies between 1.0 and 2.0 over
the Reynolds number range tested and occurs at angles of attack near 650,
^a y her than at 900.
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SIDE FORCES ON A TANGENT OG1VE FOREQODY WITH A
FINENESS RATIO OF 2.5 AT HIGH ANGLES OF ATTACK AND LOW SPEED
Earl R. Keener and Jose Valdez*
Ames Research Center
SUMMARY
An experimental investigation was conducted in the Ames 12-Foot Pres-
sure Wind Tunnel to determine the subsonic aerodynamic characteristics, at
high ang les of attack, of a tangent ogive forebody with a fineness ratio
of 2.5. Static longitudinal and lateral-directional stability data were
obtained at Reynolds numbers ranging f rom 0.4x106 to 3.7x106 (based on base
diameter) at a Mach number of 0.25. Angle of attack was varied from 36°
to 88° at zero sideslip.
The investigation was particularly concerned with the possibility of
large side forces and yawing moments at high angles of attack at zero side-
slip. It was found that at low Reynolds numhers the forebody does not have
a side force at high angles of attack; however, at Reynolds numbers above
about 2x106 , a side force occurs in the angle-of-attack range from 45° to
80°. The angle of onset of side force of 45°, or higher, agrees with the
angle predicted from previous results. The maximum side force is as large
as the maximum normal force. The maximum normal force coefficient varies
between 1.0 and 2.0 over the Reynolds number range tested and occurs at
angles of attack near 65°, rather than at 90 0 .
INTRODUCTION
When a body of revolution is pitched to high angles of attack, a side
force can occur at zero sideslip angle. This side force results when the
separation-induced vortex flow field on the lee side of the body-becomes
asymmetric. Since the configuration of the forebody can play an important
role in the stability and control characteristics of aircraft and missiles
at high angles of attack, a comprehensive wind-tunnel investigation was
undertaken at Ames Research Center to obtain static aerodynamic data for
forebody-alone and forebody-plus-afterbody models. The tests included a
wide range of forebody shapes, afterbody lengths, Reynolds numbers, and Mach
numbers. Reports thus far generated from this test program are listed in
references 1 to 8.
*Project Engineer, ARO, Inc., Moffett Field, Calif. 	 94035.
It was found from tests of forebody-alone models with pointed noses
and fineness ratios of 3.5 and 5 that large side forces can develop at high
angles of attack and zero sideslip at subsonic speeds. The magnitude of
the side forces can be larger than the maximum normal force. The anqle of
attack of onset of side force varies only with forebody geometry and can
be correlated with the semiapex angle of the nose by a simple formula:
onset u : 26N.
The formula for the angle• of attack of onset of side force for pointed
forebodies predicts that the angle of attack range in which a side force
occurs can be increased beyond the operating range of the aircraft or mis-
sile by increasing the nose angle (decreasing the fineness ratio). 'ro
further test this prediction of the effect of forebody on the angle of
attack of onset of side force, a tanent-ogive forebody with a fineness
ratio of 2.5 (semiapex angle of 22.63 was tested at low speed. The pre-
dicted angle of attack of onset of side force for this forebody is 45° or
higher. The investigation was conducted in the Ames 12-Foot Pressure Wind
Tunnel at a Mach number of 0.25 and at Reynolds numbers from 0.4x10 6 to
3.7x10E (based on model base diameter) and at angles of attack from 36° to
88°.
NOMENCLATURE
The axis system and sign convention are presented in figure 1. The
data are presented in the body axis coordinate system with the moment
center located at the base of the forebody model.
absolute value of C 
pitching-moment coefficient, pitching moment/qSd
resultant-moment coefficient, (C ry sin ,i! + Cin cos F)
yawing-moment coefficient, yawing moment/qSd
normal-force coefficient, normal force/qS
resultant-force center of pressure location, fraction
of length z from nose tip, [1 - (Cm,R/CR)(d /Z)]
resultant-force coefficient in body axis system,
N + ^
Y^
side-force coefficient, side-force/qS
ACY
Ca)
C in, R
C
n
C 
CPR
C 
C 
2
d	 base diameter, 15.24 cm
R	 length of forebody, 38.1 cm
MACH	 free-stream Mach number
q	 free -stream dynamic pressure
R	 Reynolds number, based on model base diameter, millions
S	 area of forebody base
a	 angle of attack, deg
BETA	 angle of sideslip, deg
1N	 semiapex angle of the nose (22.6°)
tan -1
 (CY/CN)
Model Configuration Code
AD	 t/d = 3.5 afterbody detached front forebody (separated
by 0.16 cm gap), but attached to sting
NS FT2.5
	
tangent-ogive forebody with sharp nose R/d = 2.5
TEST FACILITY
The aerodynamic data presented here were obtained from wind tunnel
tests conducted in the Ames 12-Foot Pressure Wind Tunnel. This tunnel is
a variable-pressure, low-turbulence facility with a Mach number range from
0.1 to about 0.9 and a unit Reynolds number capability up to about 26x106/m
at a Mach number of 0.25. Eight fine-mesh screens in the settling chamber,
together with a contraction ratio of 25 to 1, provide an airstream of ex-
ceptionally low turbulence.
MODEL DESCRIPTION
The forebody model is a tangent ogive with a fineness ratio (z/d) of
2.5 and a base diameter of 15.24 cm. An Q/d = 3.5 afterbody was available
from previous tests. It could be clamped to the sting but free of the
forebody (0.16-cm gap) so that forebody forces could be measured in the
presence of the afterbody.
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TEST CONDITIONS AND PROCEDURES
T^e investigation was c onducted at Reynolds numbers ranging from
0.4x10 to 3.7x10 (based on base diameter) at a Mach number of 0.25. The
model was mounted from a floor support system that provided a high angle of
attack: range (fig. 2). Since it was not possible to pitch the model con-
tinuously from a = 0 0 to 88 0 , the sting supporL shown in figure 2 was used
for the data presented herein for a = 36° to 88', which was the angle of
attack range of principle interest in this investigation. Aerodynamic
forces and moments on the model were measured using an internal-six-com-
ponent strain ga ge balance. The ^/d = 2.5 tangent-ogive forebody was
tested first without the afterbody. A few tests were then made in the
presence of the afterbody (afterbody clamped to the sting but free of the
forebody) to determine the effect of the flow around the base on the forces
and moments.
DATA REDUCTION AND ACCURACY
The six-component force and moment data were reduced about the model
moment-reference center in the body axis system. The moment center was
located on the model centerline at the base of the forebody. Angle of
attack was corrected for deflection of the sting and balance under aero
dyramic load. Appropriate aerodynamic coefficients were corrected for
model weight tares. Stream angles as large as 2° are known to have existed
in the vicinity of the model due to the influence of the support system
fairing on the tunnel floor (fig. 2); however, no stream angle corrections
were applied to the data. Mean values of the forces and pressures were
recorded by electronic filtering and, in addition, three samples of all
the balance and tunnel static pressure data were averaged for each data
point and then reduced to coefficient form.
Data repeatability for the principle parameters was estimated by
reviewing repeat points and is as follows:
a = +0.03°	
C 
	
= ±0.03
_ ±0.02
	
CY = +0.02
C	 = +0.03
m	 -
PRESENTATION OF RESULTS
fable 1 presents an index of the figures in which the data are pre-
sented. Figures 3 to 5 present a comparison of the results from the
4
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forebody tested alone with the results of the forebody tested in the pre-
sence of the afterbody. Figure 6 presen •.s the results from the forebody
tested alone at several Reynolds numbers from O.4xlO6 to 3.7x106 . The data
are plotted and faired as a function of angle of actack using an automatic
data plotting system. The data cover the angle of attack range from 36°
to 88°, obtained from the high angle of attack sting support.
DISCUSSION
The primary purpose of this investigation was to determine if a side
force develops at zero sideslip for a tangent ogive forebody havin(, a
fineness ratio of 2.5.
Comparison of Forebody Alone to Forebody
In Presence of Afterbody Results
There was some concern that the data obtained with the forebody alone
might not represent adequately the contribution of the forebody to the asym-
metric side force and moment on a forebody-afterbody configuration because
of possible interference between the flow around the base and the flow over
the upper surface. To investigate this effect, tests were made first with
the forebody alone mounted on the balance and then with the afterbody at-
tached to the sting but separated slightly from the forebody (forebody
forces in the presence of the afterbody). The results are compared in
figure 3, 4, and 5 for Reynolds numbers (based on base diameter) of 0.8x106,
1.5x10 and 2x10 6
 at M = 0.25.
At a Reynolds number of 2x1O 6 a moderate side force occurs. There is
a noticeable difference in the variation of side force with angle of attack
as well as a small difference in maximum magnitude for the two configura-
tions. Also, at very high angles of attack of 80 0 to 88° there is a small
side force for the forebody alone, but not in the presence of the afterbody.
The angle of attack of onset of side force is the same for both configura-
tions. At all Reynolds numbers (figs. 3 to 5) the normal force is as much
as 18 percent lower for the forebody alone than in the presence of the
afterbody, which is attributed to the end effect of the base, which reduces
the lift generated by the forebody.
Effect of Reynolds Number
TV results ?f tests with the forebody alone at Reynolds numbers from
O.4x10 to 3.7x10 are pr sented in figure C. No side force occurs at a
Reynolds number of 0.4x10 ; however, at a Reynolds number of 0.8x10 6 a small
side force (maximum (C Y O =0.2) exists at angles of attack above 60°. As
5
the Reynolds number increases to 3.7x10 6 , the magnitude of the side force
increases to maximum ICYl = 1.4. These res • cs are different from those of
the R/d = 3.5 and 5 tan gent ogive foreboc..es (refs. 4 and 5) for which the
magnitude of the side forces are a maximum at the lower Reynolds numbers.
Note that the angle of attack of onset of side force is 45° to 50°, which
a g rees with the predicted value of 45° from the simple formula from ref-
erence 1: onset a -, 26N (d N = 22.6 0 ). The side fo rce exists to an anqle
of attack of about 80° for the forebody in the presence of the afterbody
(fig. 5). From the plot of ACY /C N vs angle of attack, the magnitude of
the maximum side force is as large as the normal force at a Reynolds num-
ber of 3.7x106 at angles of attack of 65° to 70°.
The normal force coefficient has a maximum value of about 2.0 at the
lowest Reynolds number of 0.410 6 , decreases to about 1.0 at a Reynolds
number of lxl0 6 and then increases to about 1.4 at a Reynolds number of
3.7x106 . The maximum C N occurs at angles of attack between 60° and 70°,
rather than at 900.
CONCLUSION;
The following conclusions are made from the data obtained from a wind-
tunnel investigation to determine the asymmetric forces and moments gener-
ated on an ,^_/d = 2.5 tangent ogive at high angles of attack and at zero
sideslip. Data were obtained over a aide range of angles of attack, and
Reynolds numbers.
1. At low Reynolds numbers the forebody does not have a side force
at high angles of attack; however, at Reynolds numbers above
about 2x10 6 (based on base d4ameter), a side force occurs in the
angle-of-attack range from 45' to 80°.
2. The angle of onset of side force of 45 0 or higher agrees with the
angle predicted from previous results.
3. The maximum side force is as large as the maximum normal force.
4. The maximum normal force coefficient varies between 1.0 and 2.0
over the Reynolds number range tested and occurs at angles of
attack near 65°, rather than at 90 0 .
Ames Research Center
National Aeronautics and Space Administration
Moffett Field, California	 November 15, 1976
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